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© Percutaneous absorption type adhesive pharmaceutical preparation. 

© A percutaneous absorption type preparation comprises a 
backing readily conformable to skin or mucosa and substan- 
tially impermeable to a drug absorbed through the skin or 
mucosa, and bearing a layer of an adhesive which comprises 
a polymer which is pressure-adhesive at room temperature 
and which contains the drug present as a saturated solution in 
the polymer and excess drug is dispersed in the polymer in 
the form of recrystallized fine particles. 

The polymer and drug are both dissolved in a solvent to 
prepare a solution which is coated on the backing, to make the 
preparation. 

The excess portion of drug is re-dissolved in the polymer 
when the drug is consumed by absorption through the skin or 
mucosa. The drug is released continuously over a long period 
of time. 
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PERCUTANEOUS ABSORPTION TYPE ADHESIVE 
PHARMACEUTICAL PREPARATION 

The present invention relates to a percutaneous 
absorption type preparation and a process for preparing the 
preparation. More particularly, it is concerned with a 
percutaneous absorption type preparation which comprises a 
backing and an adhesive layer provided on the backing, 
wherein the adhesive layer comprises a polymer which is 
pressure-adhesive at room temperature and a drug present in 
D the polymer in the form of recrystallized fine particles and 
which can be adhered to the skin without any auxiliary 
means/ and a process for preparing the preparation. 

Many methods have been _ proposed to administer a 
percutaneous absorption type drug through the skin. The 

5 most typical method comprises forming an adhesive layer 
comprising a polymer which is pressure-adhesive at room 
temperature, such as natural rubbers, synthetic rubbers and 
acryl resins, and a percutaneous absorption type drug dis- 
persed in the polymer on one surface of a flexible backing 

0 as disclosed in, for example, U.S. Patent 3,632,740. 

The amount of the percutaneous absorption type drug 
present in those conventional preparations is over a wide 
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range. Usually, however, as disclosed in U.S. Patent 
3,632,740, particularly the examples therein, the practical 
amount of the drug present is equal to or below the saturat- 
ed solubility thereof in the polymer. The reason for this 
is that even if drug is added in an amount greater than the 
saturated solubility in the polymer, the excess amount sbove 
the saturated solubility is present in the polymer in the 
form of large-sized crystalline particles and thus does not 
contribute any pharmacological action, viz . , it remains on 
the adhesive layer without being absorbed through the skin. 

Several methods have been employed to increase the 
amount of a drug absorbed through the skin, i.e., the dose 
of the drug. ■ - - 

One of these methods comprises increasing the thick- 
ness of the adhesive layer containing the drug or increasing 
the size of the preparation. This method, however, is not 
satisfactory because it is not economical and furthermore 
gives a feeling of physical discomfort to the user. 

As modifications of the above structure, a prepara- 
tion comprising a backing, an adhesive layer, and a drug 
reservoir layer (in combination with a drug release rate 
controlling membrane) is disclosed in, for example, U.S. 
Patents 3,598,122 and 3,598,123. The reservoir layer is 
composed of a bag or microcapsules with a drug-permeable 
wall. 
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The drug present in the reservoir layer is released 
continuously through the wall, diffuses into the pressure- 
sensitive adhesive layer adjacent the reservoir layer and is 
finally administered continuously through the skin or mucosa 
to which the preparation has been applied. A controlling 
layer . is interposed between the - adhesive .layer and the 
reservoir layer and functions to control the release of the 
drug to the adhesive layer. A preparation of this type has 
the advantage that the drug can be incorporated regardless 
of the saturated solubility thereof in the pressure-sensi- 
tive adhesive. However, much labor and great costs are 
required to select the combination of the wall material, the 
controlling membrane and the drug. 

A laminate type preparation comprising a backing 
layer, a drug reservoir layer, a microporous membrane layer 
and a contact-adhesive layer, wherein the adhesive layer 
contains large drug particles in an undissolved state is 
also disclosed in, for example, U.S. Patent 4,201,211. 

The adhesive layer in this preparation is prepared 
by mixing an inert liquid in which a drug has a low solu- 
bility, an adhesive component such as polyisobutylene, and 
drug particles under conditions such that a high shearing 
force is exerted on the drug particles to thereby prepare a 
mixture containing drug particles in a suspended state and 
then coating the mixture. 
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In an adhesive layer prepared by coating a liquid 
containing drug particles suspended in the adhesive compo- 
nent, since the drug particles are not dissolved in the 
system, the particles are often dispersed non-uniformly in 
the adhesive layer. As a result, the -release of the drug 
becomes non-uniform. Furthermore, due to the particle' size 
of the drug crystals, it is difficult to form an adhesive 
layer having a uniform and thin thickness. In particular, 
the thickness of the adhesive layer cannot be decreased to 
below the drug particle size since the particles prevent the 
formation of an adhesive layer having a smooth adhesive 
layer surface and an adhesive layer, which does not have a 
smooth layer surface, does* riot have a satisfactory appear- 
ance: and also from the standpoint of pharmaceutical effect, 
the preparation does not have a uniform drug releasing* 
surface. 

Accordingly, one object of the present invention is 
to provide a percutaneous absorption type preparation having 
an adhesive layer containing therein a drug in an amount 
greater than the saturated solubility of the drug in a poly- 
mer and where all or a major portion of the drug contributes 
to the pharmaceutical effect. 

Another object of the present invention is to pro- 
vide a percutaneous absorption type preparation in which a 
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drug is incorporated in the -form of specific fine particles 
formed by crystallization after being dissolved in a polymer 
so that the preparation contains a large amount of the drug 
in a thin and small-sized area without the use of an 
auxiliary means such as a. solubility-controlling membrane. 

A further object ; of the present invention is to pro- 
vide a process for producing a percutaneous absorption type 
preparation in which a drug is completely dissolved in a 
polymer in an amount greater than its solubility in the 
polymer, viz., an excess of the drug is dissolved completely 
in the polymer so that a uniform and thin adhesive layer is 
formed and all or a major portion of the drug contributes to 
the pharmaceutical effect achieved. 

The percutaneous absorption type preparation accord- 
ing to the present invention comprises: 

(1) a backing which is readily conformable to the 
surface of the skin or mucosa and which is substantially 
impermeable to a percutaneous absorption type drug; and 

(2) an adhesive layer comprising a polymer which is 
pressure-sensitive at rponutemperature and the percutaneous 
absorption type drug (which is solid at room temperature), 
wherein the drug is present in the adhesive layer in an 
amount greater than its saturated solubility in the polymer 
and the drug is dispersed in the polymer in the form of 
recrystallized fine particles having substantially uniform 
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particle sizes. 

The process for preparing the percutaneous absorp- 
tion type preparation according to the present invention 
comprises: 

(1) dissolving uniformly a polymer which has a 
pressure-adhesive property at room temperature and a percu- 
taneous absorption type drug in an amount greater than its 
saturated solubility in the polymer using a good solvent for 
the polymer and the drug to prepare a coating solution; 

(2) coating the coating solution on the surface of 
a backing which is capable of conforming to the surface of 
the skin or mucosa and which is substantially impermeable to 
the drug; and 

13) drying the coating solution, 
wherein excess of the drug present in an amount greater than 
its saturated solubility in the polymer is recrystallized 
and dispersed in the polymer in the form of recrystallized 
fine particles having substantially uniform particle sizes. 

The term "recrystallized fine particles" as used 
herein means fine particles formed when a percutaneous 
absorption type drug, which is solid at room temperature, 
and a polymer are uniformly and sufficiently dissolved in a 
good solvent for both the drug and the polymer and the 
resulting solution is applied to form a coating layer, fine 
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particles of the drug are formed through crystallization and 
precipitation in the polymer because the drug is present in 
an amount greater than its saturated solubility in the 
polymer and have substantially uniform particle sizes. As a 
result, the fine particles can be dissolved again in the 
polymer as the dissolved drug is utilized. 

The pressure-sensitive properties of a polymer used 
in the present invention is measured according to a ball 
tack method wherein a sample having a prescribed length and pre- 
pared by coating a polymer on a backing is placed on a 
slanting surf aee • having an angle ; of 30 a • such that the 
polymer side is upper, a series of 32 -steel balls having graded 
diameters (1/32 to 1 inch i.e. 0..079 to 2.54 cm: each is designated as 
No. 32 to 1, respectively) is dropped on- the sample from • a constant 
height and the pressure-sensitive property of the polymer is 
expressed as No. of the maximum diameter of the ball which 

stops on the- sample. 

The percutaneous absorption type preparation of the 
present invention has various advantages over the conven- 
tional preparations as will hereinafter be explained in 
detail. 

The major advantage of the preparation of this 
invention is that good release of the drug can be achieved 
over a long period of time. T.he.aieasbn for this is that, even 
though the percutaneous absorption type drug, which is solid 
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at room temperature., is present in a polymer which is pres- 
sure-adhesive at room temperature and which constitutes the 
adhesive layer, in an amount greater than the saturated 
solubility of the drug in the polymer "(preferably not more 
than about 40% by weight), the amount of the drug in excess 
Ofc&ts saturated solubility is . £ecrystalliz : ed in the polymer 
and dispersed in the adhesive layer in the form of fine 

particles which have substantially uniform particle sizes. 

> 

As a result, the excess is again dissolved in the polymer as 
the drug dissolved in the polymer is consumed. 

The above-described good drug-releasing effect is 
beyond that which has generally been accepted in the art to 
bfe- achievable, that is, a high- drug-releasing effect can- be 
obtained when the drug is incorporated in the polymer in .an 
amount equivalent to or less than the saturated solubility 
of the drug in. the polymer. The effect of the present 
invention has not been disclosed or suggested at all in the 
prior art relevant to this type of preparations and their 
similar products. 

The present invention is hereinafter explained in 
greater detail. 

The backing provides a self-supporting property to 
the percutaneous absorption type preparation of the present 
invention and functions to prevent a decrease in the amount 
of the drug present through dissipation or migration from 
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the adhesive layer formed on one surface of the backing. 

Examples of suitable materials for the backing in- 
clude films or sheets made of synthetic resins such as poly- 
ethylene, polypropylene, .polyacrylonitrile, polyurethane, 
polyester,, polyvinyl alcohol, polyvinyl chloride, poly- 
vinylidene chloride/ polyamide and ethylene copolymers, 
which readily conform to the skin or mucosa; laminated films 
thereof; porous films or sheets made of rubber and/or syn- 
thetic resins; fibrous films or sheets such as nonwoven 
fabrics, fabrics and paper; metallic foils; and the above 

.films or sheets with metal deposited on the surface thereof. 
The thickness of the backing can be about 500 ]im or less, 
and preferably is from 5 to 150 pm. ..*... 

The polymer, with a pressure-adhesive property. at 
room temperature (about 20 to 30°C) is a polymer which can 
maintain therein a percutaneous absorption type drug in an 

.-amount greater than its saturated solubility in the polymer 
and which forms an adhesive layer from which the drug is 
administered through the skin or mucosa. Examples of suita- 
ble polymers include rubbers, and/or synthetic resins, homo- 
or co-polymers, which are not irritating to the skin or 
mucosa and do not contain ingredients which affect the drug 
when mixed therewith, and which exhibit good pressure-adhe- 
sive properties. The polymer generally has the pressure- 
sensitive properties of at least No. 3 measured by the ball 
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tack method as dsfin.ec before. 

It is preferred for the polymer to have a glass 
transition temperature ranging between about -10 and about 
-70°C. If the glass transition temperature is higher than 
about -10 °C, the polymer is rigid and the diffusion and 
mobility of the.r drug in the polymer is ^reduced, .'which 
results in a reduction in release of the- drug. Moreover, 
the dissolution and dispersion of the drug in the polymer 
during the preparation of the preparation is poor. Further, 
the re-dissolution of recrystallized fine particles in the 
preparation is prevented and the drug is not released in a 
stable manner. On the other hand, if the glass transition 
temperature is less than about -70°C, the polymer is un- 
desirably soft and the structure of the preparation is not 
maintained over a long period of time. When the preparation 
is peeled from the skin or mucosa, the skin or mucosa is 
physically irritated and the preparation also remains, e.g., 
on the skin due to coagulation or breakage. 

It is most preferred for the glass transition tem- 
perature to be from -25 to -50° C. 

Examples of suitable polymers which have a glass 
transition temperature ranging between about -10 and about 
-70°C and which are pressure-adhesive at room temperature 
include rubbers such as a styrene/isoprene/styrene block 
copolymer rubber, a styrene/butadiene rubber, a polybutene 
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rubber, a polyisoprene rubber, a butyl rubber, a silicone 
rubber, a natural rubber or a synthetic. isoprene rubber 
and synthetic resins such as poly (meth)acryl ate, 

polyvinyl ether, polyur ethane, polyester, polyamide and 
ethylene copolymers. If desired and necessary, the polymer 
may contain additives such as a tackifying resin, a liquid 
rubber, and a softening agent, for example, to control the 
glass transition temperature. 

Polymers which are preferably used in the practice 
of the present invention are acrylate copolymers containing 
at least about 50% by weight of acrylic or methacrylic acid 
alkyl esters and where the average number of carbon atoms in 
the alkyl group is at least 4. The drug is highly soluble 
in such a copolymer and the polymer does not irritate the 
skin or mucosa and it maintains the drug in a stable form. 

The above acrylate copolymers include copolymers 
comprising the acrylic or methacrylic acid ester and func- 
tional monomers and/or vinyl ester monomers copolymerizable 
with the ester. The proportion of the functional monomer 
can be from 0 to about 20% by weight, preferably from 0.5 
to 10% by weight, and the proportion of the vinyl ester 
monomer can be from 0 to about 40% by weight, preferably 
from 5 to 30% by weight. 

The above functional monomers can be used to change 
the coagulation properties of the resulting copolymer 
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depending on the amount of the functional monomer emoloyed 
and also can be used to chance the hydrophilic properties of 
the resulting copolymer depending on the type thereof. The 
aibove vinyl ester monomers can be used to increase the 
solubility of the drug in the copolymer. 

Examples of suitable acrylic or methacrylic alkyl" 
esters and functional monomers and vinyl ester monomers are 
shown be lew. 

Acrylic or methacrylic alkyl esters: 

n-butyl acrylate or methacrylate, hexyl acrylate, 2- 
ethylbutyl acrylate, isooctyl acrylate,. 2-ethylhexyl acryl- 
ate or methacrylate, nonyl acrylate,. decyl acrylate or meth-. 
acrylate, dodecyl acrylate or methacrylate, tridodecyi 
acrylate or methacrylate; 
Functional monomers: 

acrylic or methacrylic acid, itaconic acid, maleic 
acid, maleic anhydride, hydroxyethyl acrylate, hydroxypropyl 
acrylate, methoxyethyl acrylate or methacrylate, ethoxyethyl 
acrylate or methacrylate, butoxyethyl acrylate, acryl or 
me thacryl amide, dimethylacrylamide, dimethylaminoethyl . ac- 
rylate or methacrylate, tert-butylaminoethyl acrylate or 
methacrylate, acrylonitrile, vinyl pyrrolidone, vinyl imid- 
azole; 

Vinyl ester monomers: 

vinyl acetate, vinyl propionate. 
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Any percutaneous absorption type drug* can be used 
in the present invention provided that the drug can be absorb- 
ed through the skin into the body when applied onto the skin 
and are. solid at room temperature. Typical examples of such 
drugs are shown below. - 

i) Corticosteroids! hydrocortisone, prednisolone, 

beclomethasone propionate, f lumethasone, triamcino- 
lone, triacinolone acetonide, f luocinolone, fluo- 
cinolone acetonide, f luocinolone acetonide acetate, 
clobetasol proionate; 
ii) Analgesic anti-inflammatory agents: acetaminophen, 
iaef enamic acid, fluf enamic acid, indomethacin, di- 
clofenac, dichlpfenac sodim^ alclof enac, oxyphen- 
butazone, phenylbutazone, ibuprofene, flurbiprofen, 
salicylic acid, £ -menthol, camphor, sulindac, tol- 
metin sodium, naproxen, fenbufen; 
iii) Hypnotic sedatives: phenobarbital , amobarbital, 
cyclobarbital, triazolam, nitrqzepam, lorazepam, 
holoperidol; 

iv) Tranquilli2ars: f luphenazine, thioridazine, loraze- 
pam, flunitrazepam, chlorpromazine; 
v) Antihypertensives: clonidine, clonidine hydrochlo- 
ride, pindolol, propranolol, propranolol hydrochlo- 
ride, bufralol, indenolol, nipadipine, lofexidine, 
nipradinol, bucumolol, nifedipine; 
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vi) Antihypertensive diuretics: hydrcthiazide, bendrc- 
flumethiazide, cyclobenthiazide; 
vii) Antibiotics: penicillin, tetracycline, oxytetra- 

cycline, fradicmycin sulfate, erythromycin, chloram- 
phenicol; 

yiiji)' Anesthetics: lidocaine, benzocaine, ethyl aminoben-.. : 
zoate} 

ix) Antimicrobial agents: benzalkonium chloride, nitro- 
furazone, nystatin, acetcsulf amine, clotrimazole/ 

x) Antifungal agents: pentamycin, amphotericin B, 
pyrrolnitrin, clotrimazole; 

-xi) Vitamins: vitamin A 7 ergocalcif erol, chlolecalcif e- . 
rol, octotiamine, riboflavine butyrate; 

xii) Antiepileptics: nitrazepam, meprobamate, clonaze- 
pam/ 

xiii) Coronary vasodilators: nitroglycerin, nitroglyce- 
nol, dipyridamole, isosorbide dinitrate, erythritol 
tetranitrate, pent aery thri to 1 tetranitrate, propatyl 
nitrate; 

xiv) Antihystaminic agents: diphenylhydramine hydrochlo- 
ride, chlorpheniramine, diphenylimidazole; 
xv) Antitussiv es: dertromethorphan (hydrobromide) , 

. terbutoline (sulfate), ephedrine (hydrochloride), 
salbutanol (sulfate), isoproterenol (sulfate, hydro- 
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chloride)/ 

xvi) Sejual hormone: progesterene, estradiol; 
xvii) Thymoleptics: doxepin/ 
xviii) Other drugs: 5-fluorouracil, diphydroergotamine 
5- (mesytate), fentanyl, desmopressin, digoxin, meto- 

chopramide, domperdone, scopolamine (hydrobromide) , 
prostaglandin, peptide. 

The amount of the percutaneous absorption type drug 
added is generally about 40% by weight or less based on the 

10 weight of the above polymer. It is preferred that the 
amount of the percutaneous absorption type drug present be 
controlled so that the amount is at least 1.2 times, prefer- 
ably from 1.5 to 10 times, the saturated solubility of the 
drug. in the polymer. 

15 If the amount is less than about 1.2 times, the 

amount of the recrystallized fine particles in the polymer 
is too small and the desired drug-releasing effect cannot be 
obtained. 

The percutaneous absorption type drug which is solid 
20 at room temperature is added to the polymer which is pres- 
sure-adhesive at room temperature in an amount more than its 
saturated solubility in the polymer and dissolved therein 
uniformly in the presence of good solvent, so that an adhe- 
sive layer can be formed in which part of the drug in an 
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amount equivalent to the saturated solubility is dissolved 
and the excess is dispersed in the polymer in the form of 
recrystallized fine particles. The adhesive layer is firmlv 
bound to and fixed to the surface of the backing which is 
readily conformable to the skin or mucosa and is substan- 
tially impermeable to the drug. 

The recrystallized fine particles in the adhesive 
layer which can again dissolve in the polymer are prepared 
by crystallization and precipitation when the drug is dis- 
solved in the polymer by appropriately selecting a good 
solvent for both the drug and the polymer. The size of the 
recrystallized fine particles is about 15 pm or less, pref- 
erably from 0.1 to 10 ym. 

The thickness of the adhesive layer is from about 5 
to about 500 ym, preferably from 10 to 300 pm. 

If the thickness of the adhesive layer is less than 
about 5 yum, the adhesiveness of the preparation when applied 
to the skin is poor. On the other hand, if the thickness is 
more than about 500 ym, the particle size of recrystallized 
fine particles is large and not uniform and also the fine 
particles are not dispersed uniformly. As a result, the 
drug is not released uniformly. 

The percutaneous absorption type preparation of the 
present invention includes the following embodiments. 

One embodiment comprises the adhesive layer on 
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the backing, partially shaped in. the form of stripes, 
lattices, or waves, for example. This embodiment includes 
the embodiment where the adhesive layers comprising polymers 
having a different glass. transition temperature and drugs 
having a different saturated solubility are alternately 
formed on the backing. pr are formed in an island form. This 
embodiment prevents contact of the skin or mucosa with the 
air, for example, when the preparation is applied, and 
permits the rate of release of the drug or the amount of the 
drug released to be controlled or accelerated. 

Another embodiment is one where the amount of the 
drug in the adhesive layer varies in the thickness direc^ 
tion. More specifically, the adhesive layer is divided into 
two or more layers and the concentration of the d.rug in each 
layer is increased or decreased toward the backing depending 
on whether it is desired for the pharmaceutical effect to be 
exhibited slowly or rapidly. _ If the concentration of the 
drug in the adhesive layer is increased layer by layer 
toward the uppermost layer, i.e., the distribution of the 
recrystallized fine particles and dissolved drug is formed 
so that the uppermost layer has the highest concentration, 
by appropriately selecting the type of the good solvent and 
drying conditions, for example, and increasing the concen- 
tration of the drug in the uppermost layer through dissipa- 
tion of the good solvent, a preparation can be obtained in 
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which the pharmaceutical effect is exhibited quickly and all 
or a major portion of the drug contributes to the pharmaceuti- 
cal effect. The concentration distribution of the drug is 
such that the concentration gradient ratio as determined by 
measuring the concentration in the uppermost layer and the 
lowermost layer with an infrared spectrum (the reflection 
method) is about 0.7 or less. 

Good solvents which can be used to prepare the 
percutaneous absorption type preparation of the present 
invention include organic solvents such as ethyl acetate, 
-chloroform, carbon tetrachloride, methylene chloride, 
toluene, xylene, tetrahydrofuran, dioxane, acetone, mixtures- 
of the above organic solvents and alcohols such as methyl, 
alcohol and- ethyl alcohol, and' mixtures of the. above mix- 
tures and a small amount (about 5% by weight or less based 
on the weight of the system) of water. 

The polymer and drug are dissolved in a good solvent 
as described above so that the amount of the drug is at 
least about 1.2 times the saturated solubility limit thereof 
in the polymer to thereby prepare a solution for preparation 
of an adhesive layer having a solids content of from about 
10 to about 35% by weight, preferably from 15 to 25% by 
weight. This solution is coated on a backing in a dry 
thickness of from about 5 to about 500 ym, preferably from 
10 to 300 pm, and dried at about 20 to 150°C for 3 to 30 
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minutes. If necessary and required, the coating is further 
aged for a given period of time. Thus, 

percutaneous absorption type preparation having an adhesive 
layer in which the amount of the drug in excess of the 
5* . saturated solubility limit is recrystallized in the polymer 
substance and 'dispersed in the form of recrystallized fine 
particles having substantially uniform particle sizes (mean 
particle diameter: about 15 ym or less) can be prepared. 

If, after the solution is coated and dried, the 
10 ' resulting coating is pressed or aged in a cooled condition 
(10 to 30°C), the precipitation of the recrystallized fine 
particles is accelerated. 

The thus-prepared adhesive layer is provided with a 
releasing film or its analogous product, the surface of 
L5 which has been covered with conventional releasing agents 
such as silicone or fluorine-based releasing agents, so that 
the adhesive- layer is protected until just prior to its use. 

If desired, the adhesive layer may contain fillers 
such as fine silica powder, titanium white and calcium car- 
lo bonate; absorption accelerating agents such as polyhydric 
alcohols, sulfoxides, amides, adipates, sebacates, laurates, 
salicylic acid, urea and allantoin; vehicles such as cyclo- 
dextrin and cellulose powder (which are generally, mixed with 
the drug in' advance); and compounding agents such as soften- 
25 ing agents and anti-itch agents within the range of about 
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30% by weight or less, for the purpose of increasing the 
volune, accelerating absorption or shape fonaability. 

The adhesive layer in the percutaneous absorption 
type preparation according to the present invention which 
comprises a drug and a polymer which is pressure-adhesive at 
room . temperature contains the drug dissolved within the 
saturated solubility limit in the polymer and the drug as 
recrystallized and dispersed fine particles which can be re- 
dissolved in the polymer. Therefore, the percutaneous 
absorption type preparation of the present invention has the 
characteristics that the amount of the drug per unit area is 
large and the pharmaceutical effect is exhibited continuous- 
ly ever a 'long period of time since as the amount of the 
drug dissolved in the polymer is reduced by absorption of 
the drug through the skin, the remaining drug present in the 
form of fine particles dissolves again into the polymer and 
then is absorbed through the skin. 

In preparing the preparation of the present inven- 
tion, a percutaneous absorption type drug and a polymer are 
thoroughly and uniformly dissolved in a good solvent and 
then the resulting solution is coated on a support. There- 
fore, the solution can be coated in a small and uniform 
thickness and a preparation which has a good appearance and 
which permits a stable release of the drug can be obtained. 

Moreover, the process of the present invention can 
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be employed to produce a percutaneous absorption type prepa- 
ration which exhibits its pharmaceutical effect continuously 
over a long period of time by appropriately selecting the 
good solvent regardless of the saturated solubility of the 
drug in the polymer. 

The. present invention is described in greater detail 
by reference to the following non-limiting examples. All 
parts are by weight unless otherwise indicated. 

EXAMPLE 1 

A four-necked separable flask was charged with 94 
parts of 2-ethylhexyl acrylate and 6 parts of acrylic acid. 
In addition, 42.9 parts of ethyl , acetate and 0.2 part of 
azobisisobutyronitrile as • a polymerization initiator were 
added thereto. After heating the mixture to 60 °C in a 
nitrogen atmosphere, the reaction started. The polymerisa- 
tion reaction was conducted at 60 to 62 °C for 7 hours while 
adding 107.1. parts of ethyl acetate portionwise. The poly- 
merization mixture was further heated and aged for 3 hours. 
A polymer solution having a conversion of 99-3%, a base 
content of 30% by weight and the viscosity of 350 poises (at 
30°C) was obtained. 

To 80 parts (calculated on a solids basis) of the 
solution was added 100 parts of ethyl acetate which was a 
good solvent for the above-prepared polymer and a drug, in 
which 20 parts of isosorbido dinitrate (the saturated 
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solubility thereof in the above polymer is about 7 to 8% 
by weight) had been uniformly dissolved, and the mixture was 
then stirred to prepare a solution for an adhesive layer. 

This solution was coated en a 9 thick polyester 
film in a dry thickness of 50 ym and dried at 90°C for 5 
minutes. A releasing film was then temporarily provided on 
the above-prepared adhesive layer and the combination was 
aged at room temperature for 48 hours to produce a percu- 
taneous absorption type preparation. 

The releasing film was peeled off and the surface of 
the adhesive layer was examined with a microscope. This 
microscopic examination showed that recrystallized fine 
particles having a mean particle diameter of about 6 y were 
present on the surface of the adhesive layer. Similarly, 
the cross section of the adhesive layer was examined and it 
was found that the concentration of the recrystallized fine 
particles increased toward the surface layer. 

EXAMPLE 2 

A composition of 60 parts of nonyl acrylate, 20 
parts of ethoxyethyl acrylate and 20 parts of vinyl ~ acetate 
was polymerized and aged in the same manner as described in 
Example 1 to prepare a polymer solution having a conversion 
of 93.3%, a base content of 30% by weight and a viscosity of 
285 poises (at 30°C) . 

To 90 parts (calculated on a solids basis) of the 
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polymer solution was added 100 parts of ethyl acetate, a 
good solvent for the polymer and drug, in which 10 parts of 
f lunitrazepam (saturated solubility in the polymer: about 4% 
by weight) had been uniformly dissolved, and the mixture was 
stirred to prepare a. solution for an adhesive layer. 

This solution was coated in a dry thickness of 50 yra 
on one surface of a 9 ym" thick polyester' film, the other 
surface of which had been vacuum deposited aluminum, and 
then dried at 90°C for 5 minutes. A releasing film was 
provided thereon temporarily and the assembly was aged for 2 
hours to produce a percutaneous absorption type preparation 
containing recrystallized fine particles having a mean 
particle diameter of about 2 U . 

EXAMPLE 3 

To 90 parts (calculated on a solids basis) of the 
same polymer solutionis prepared in Example 1 was added 50 
parts of chloroform,, -a good solvent for the polymer and 
drug, in which 10 parts of pindolol (saturated solubility in 
the polymer: about 4% by weight) had been dissolved uniform- 
ly, and the mixture was stirred to prepare a solution for an 
adhesive layer. 

This solution was coated on a heat resistant re- 
leasing film in a dry thickness of 40 ym, dried at 100°C for 
5 minutes, bonded under pressure to a two-layer film of 
polyethylene and an ethylene/vinyl acetate copolymer on the 
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vinyl acetate copolymer side, and then aged at room tempera- 
ture for 13 days to produce a percutaneous absorption type 
preparation containing recrystallized fine particles having 
a mean particle diameter of about 3 y. . 

EXAMPLE 4 

To a commercially available silicone-based pressure- 
adhesive polymer solution having a non- volatile content 
(solid content) of 18.5% by weight (Medical Adhesive No. '355 
produced by Dow Corning Co.) was added 60 parts of ethyl 
acetate, a good solvent for the polymer and a drug, in which 
37.5 parts of isosorbide dinitrate-containing milk sugar 
(isosorbide dinitrate content: 40% by weight) had been 
dissolved uniformly; and the mixture was stirred- to prepare 
a solution for an, adhesive layer. 

This solution was coated on a 9 ]xm thick polyester 
film in a dry thickness of 60 urn and dried at 80 °C for 5 
minutes. A releasing film was provided thereon temporarily 
and the combination was aged at room temperature for 24 
hours to prepare a percutaneous absorption type preparation 
containing recrystallized fine particles having a mean 
particle diameter of about 7 y. 

REFERENCE EXAMPLE 
(A) The polymer solution prepared in Example 2 was ' 

concentrated so that the solid content was 60% by weight. 
To 90 parts (calculated on a solids basis) of the above- 
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concentrated polymer solution was added a dispersion as 
prepared by uniformly dispersing 10 parts of pindolol in 100 
parts of heptane, a poor solvent for pindolol. The resulting 
mixture was kneaded in a kneader for 1 hour. Thereafter, 
the mixture was processed in the same manner as described in 
Example 2 to prepare a percutaneous absorption type prepara- 
tion. Particles of the drug in the adhesive layer were 
large particles having a mean particle diameter of about 
28 u. 

(B) In the same type of silicone-based pressure-adhesive 

polymer solution as described in Example 4 was uniformly 
dispersed 37.5 parts of milk sugar containing 40% by weight 
of isosorbide dinitrate which had not been dissolved in 
ethyl acetate. Thereafter, the dispersion was processed in 
the same manner as described in Example 4 to prepare a 
percutaneous absorption type preparation. Particles of the 
drug in the adhesive layer were large particles having a 
mean particle diameter of about 21 y. 

The characteristics of the preparations of Examples 
1 to 4 and Reference Examples ((A) and (B)) are shewn in 
Table 1 below. 
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Release Ratio in Water 

A test sample (4 cm x 4 cm) was immersed in 500 ml 
of water maintained at 30 °C and shaken. After 3 hours, 1 ml 
of the water was sampled and the concentration of the drug 
5 . was determined by high-speed liquid chromatography (UV 
detection) . The release ratio of the drug was determined 
with the initial concentration of the drug as 100%. 
Concentration in Blood 

A test sample (6 cm in diameter) was adhered to the 

10 back of a rabbit where the hair had been removed. After 1 
hour, 8 .hours and 24 bours, the blood was taken and the 
concentration of the drug in the blood was measured using 
gas chromatography. 
. Concentration Gradient Ratio 

15 The surface infrared spectra of the bottom surface 

in contact with the backing and the top surface in contact 
with the - releasing film were- obtained by the reflective 
method. In each spectrum, the intensity of a specific peak 
for the drug was .determined. The concentration gradient 

20 ratio was calculated from the following equation. 

Height of specific peak in the 
spectrum of the bottom surface 

Concentration Gradient Ratio= "~ 

Height of specific peak in the 
spectrum of the top surface 



.28- 015608P 

As the concentration gradient ratio approaches If 
the difference in concentration was small. 
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CLAIMS 

1. a percutaneous absorption type preparation which 
comprises: 

a backing which is readily conformable to skin or 
mucosa and is substantially impermeable to a drug absorbed 
through the skin or mucosa; vand 

an adhesive layer provided on the backing, which 
comprises a polymer which is pressure- adhesive at room 
temperature, and a drug present in the polymer, wherein 
the drug is present in the adhesive layer in an amount 
greater than, its saturated solubility in the polymer and the 
excess amount of the drug greater than the saturated 
solubility is dispersed in- -the polymer in the form of re- 
crystallized fine particles having a substantially uniform 
size. 

2. A preparation as claimed in Claim 1, wherein the 

amount of the drug present in the adhesive layer is at least 

1.2 times the saturated solubility in. the polymer, 
3 # A preparation as claimed in Claim 2, wherein said 

amount of the drug present in the adhesive layer is 1.5. to 
10 timesthe saturated solubility in the polymer. 

4. A preparation as claimed in Claim 1 or 2 or 3, wherein the 
drug is dispersed in the adhesive so that the concentration 
of the -drug increases toward the top surface of the adhesive 
layer. 

5. A preparation as claimed in any of Claims 1 to 4, wherein the 
recrystallized fine particles have a mean particle diameter 
of 15 pm or less- 
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6. A preparation as claimed in any of Claims 1 to 
5, wherein the adhesive layer has a thickness of from 5 
to 500 urn, 

7. A process of producing a percutaneous absorption 
5 type preparation which comprises: 

dissolving uniformly a polymer which is pressure- 
adhesive, at/ room temperature and percutaneous absorption 
type drug which is solid at room temperature in an amount 
greater than its saturated solubility in the polymer in 

10 a good solvent to prepare a coating solution; 

coating the coating solution on the surface of 
a backing which is conformable to skin or mucosa and is 
substantially impermeable to the drug; and 
drying the coating solution. 

15 8. A process as claimed in Claim 7, wherein the adhe- 

sive layer is prepared by. dissolving the drug in the polymer 
in the presence of a good solvent for the polymer, . 
g. A process as claimed in Claim 8, wherein the amount 

of the drug added to the polymer is at least 1.2 times 

20 the saturated solubility, 

10, A process as claimed in Claim 7, 8 or 9, wherein 
the coating solution has a solids content , of from 10 to 
3555 by weight.. 

11. A process as claimed in Claim 7, 8, 9 or 10, wherein 
25 the recrystallized fine particles have a mean particle 

diameter of 1 5 urn or less. 
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